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RESUMEN
Para entender los procesos de los ecosistemas desde un punto de vista funcional es fundamental entender las 
UHODFLRQHVHQWUHODYDULDELOLGDGFOLPiWLFDORVFLFORVELRJHRTXtPLFRV\ODVLQWHUDFFLRQHVVXSHU¿FLHDWPyVIHUD
(QODV~OWLPDVGpFDGDVVHKDDSOLFDGRGHPDQHUDFUHFLHQWHHOPpWRGRGHFRYDULDQ]DGHÀXMRVWXUEXOHQWRV(&
SRUVXVVLJODVHQLQJOpVHQHFRVLVWHPDVWHUUHVWUHVPDULQRV\XUEDQRVSDUDPHGLUORVÀXMRVGHJDVHVGHLQYHU-
QDGHURSHM&22, H22\HQHUJtDSHMFDORUVHQVLEOH\ODWHQWH(QGLYHUVDVUHJLRQHVVHKDQHVWDEOHFLGR
UHGHVGHVLVWHPDV(&TXHKDQDSRUWDGRLQIRUPDFLyQFLHQWt¿FDSDUDHOGLVHxRGHSROtWLFDVDPELHQWDOHV\GH
DGDSWDFLyQ(QHVWHFRQWH[WRHOSUHVHQWHWUDEDMRGHOLPLWDHOPDUFRFRQFHSWXDO\WpFQLFRSDUDHOHVWDEOHFLPLHQWR
GHXQDUHGUHJLRQDOGHPHGLFLyQGHÀXMRVGHJDVHVGHHIHFWRLQYHUQDGHURHQ0p[LFRGHQRPLQDGD0H[)OX[
FX\RREMHWLYRSULQFLSDOHVPHMRUDUQXHVWUDFRPSUHQVLyQGHODIRUPDHQTXHODYDULDELOLGDGFOLPiWLFD\OD
WUDQVIRUPDFLyQDPELHQWDOLQÀX\HHQODGLQiPLFDGHORVHFRVLVWHPDVPH[LFDQRVDQWHORVIDFWRUHVGHFDPELR
ambiental global. En este documento se analiza primero la importancia del intercambio de CO2 y vapor de 
DJXDHQWUHORVHFRVLVWHPDVWHUUHVWUHV\ODDWPyVIHUD'HVSXpVVHGHVFULEHEUHYHPHQWHODWpFQLFDGHFRYDULDQ]D
GHÀXMRVWXUEXOHQWRVSDUDODPHGLFLyQGHpVWRV\VHSUHVHQWDQHMHPSORVGHPHGLFLRQHVHQGRVHFRVLVWHPDV
WHUUHVWUHV\XQRXUEDQRHQ0p[LFR3RU~OWLPRVHGHVFULEHQODVEDVHVFRQFHSWXDOHV\RSHUDWLYDVDFRUWR
PHGLDQR\ODUJRSOD]RSDUDODFRQWLQXLGDGGHODUHG0H[)OX[
$WPyVIHUD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ABSTRACT
Understanding ecosystem processes from a functional point of view is essential to study relationships among 
climate variability, biogeochemical cycles, and surface-atmosphere interactions. Increasingly during the last 
GHFDGHVWKHHGG\FRYDULDQFH(&PHWKRGKDVEHHQDSSOLHGLQWHUUHVWULDOPDULQHDQGXUEDQHFRV\VWHPVWR
TXDQWLI\ÀX[HVRIJUHHQKRXVHJDVHVHJ, CO2, H22DQGHQHUJ\HJ, sensible and latent heat). Networks of 
(&V\VWHPVKDYHEHHQHVWDEOLVKHGLQGLIIHUHQWUHJLRQVDQGKDYHSURYLGHGVFLHQWL¿FLQIRUPDWLRQWKDWKDVEHHQ
XVHGIRUGHVLJQLQJHQYLURQPHQWDODQGDGDSWDWLRQSROLFLHV,QWKLVFRQWH[WWKLVDUWLFOHRXWOLQHVWKHFRQFHSWXDO
DQGWHFKQLFDOIUDPHZRUNIRUWKHHVWDEOLVKPHQWRIDQ(&UHJLRQDOQHWZRUNLH0H[)OX[WRPHDVXUHWKH
VXUIDFHDWPRVSKHUHH[FKDQJHRIKHDWDQGJUHHQKRXVHJDVHVLQ0H[LFR7KHJRDORIWKHQHWZRUNLVWRLPSURYH
RXUXQGHUVWDQGLQJRIKRZFOLPDWHYDULDELOLW\DQGHQYLURQPHQWDOFKDQJHLQÀXHQFHWKHG\QDPLFVRI0H[LFDQ
ecosystems. First, we discuss the relevance of CO2DQGZDWHUYDSRUH[FKDQJHEHWZHHQWHUUHVWULDOHFRV\V-
WHPVDQGWKHDWPRVSKHUH6HFRQGZHEULHÀ\GHVFULEHWKH(&EDVLVDQGSUHVHQWH[DPSOHVRIPHDVXUHPHQWV
LQWHUUHVWULDODQGXUEDQHFRV\VWHPVRI0H[LFR)LQDOO\ZHGHVFULEHWKHFRQFHSWXDODQGRSHUDWLRQDOJRDOVDW
VKRUWPHGLXPDQGORQJWHUPVFDOHVIRUFRQWLQXLW\RIWKH0H[)OX[QHWZRUN
.H\ZRUGV: Environmental networks, eddy covariance, FLUXNET, greenhouse gases, long-term measure-
PHQWVVXUIDFHDLUH[FKDQJH
1. ,QWURGXFWLRQ
Humankind faces new challenges to develop poli-
cies for the reduction, adaptation and mitigation of 
JOREDOHQYLURQPHQWDOFKDQJH7KHVFLHQWL¿FFRP-
munity has the responsibility of providing informa-
tion to enable the development of such policies and 
strategies. This includes the generation of knowledge 
about the components, processes and mechanisms by 
ZKLFKHFRV\VWHPVUHVSRQGWRFOLPDWHYDULDELOLW\
DQGWKHLQWHUDFWLRQDQGHIIHFWVRIJUHHQKRXVHJDVHV
HJ, CO2, CH4, N2O) on global climate.
From a functional standpoint, the interaction 
between climate variability, vegetation dynamics 
HJ, land use change), and biogeochemical cycles 
are necessary to understand ecosystem processes 
ZLWKLQWKHFRQWH[WRIJOREDOHQYLURQPHQWDOFKDQJH
&KDSLQHWDO, 2002). From a socio-ecological point 
of view, the water and carbon cycles are critical for 
the regulation and supporting of ecosystem services, 
and therefore represent part of our natural capital 
0LOOHQQLXP(FRV\VWHP$VVHVVPHQW 7KXV
LWLVLPSRUWDQWWRHYDOXDWHWKHLQÀXHQFHRIWKHVH
SURFHVVHV RQ DWPRVSKHULF G\QDPLFV  HVWLPDWH
the potential ecosystem services provided to human 
SRSXODWLRQVDQGSURYLGHUHOHYDQWLQIRUPDWLRQWR
GH¿QHSROLFLHVIRUPDQDJHPHQWDQGFRQVHUYDWLRQ
Through the processes of photosynthesis and 
respiration, ecosystems play a key role in the capture 
and emission of CO2)LJ)XUWKHUPRUHWKHFKDU-
acteristics of vegetation cover also affect water vapor 
ÀX[HVLQWRWKHDWPRVSKHUHWKURXJKHYDSRWUDQVSLUDWLRQ
)LJDQGWKHUHIRUHWKHEDODQFHEHWZHHQVHQVLEOH
DQG ODWHQW KHDW ÀX[HV WKDW LPSDFW WKH DWPRVSKHUH
)LVKHUHWDO$GGLWLRQDOO\WKHW\SHDQGH[WHQW
RIYHJHWDWLRQGH¿QHVWKHSK\VLFDOSURSHUWLHVVXFKDV
surface albedo, emissivity and aerodynamic roughness 
that can affect air temperature, precipitation, and wind 
VSHHG%XUEDDQG9HUPD,QWXUQFOLPDWHLVWKH
main factor determining the presence and distribu-
tion of ecosystems around the world, and establishes 
FRPSOH[IHHGEDFNVEHWZHHQWKHELRVSKHUHDQGJOREDO
ELRJHRFKHPLFDOF\FOHV%RQDQ+HLPDQQDQG
Reichstein, 2008). 
Current knowledge on the interactions between 
climate and carbon and water cycles is still limited. 
7KLV KDV EHHQ LGHQWL¿HGE\ WKH ,QWHUJRYHUQPHQWDO
3DQHORQ&OLPDWH&KDQJH,3&&DVD³NH\XQFHUWDLQ-
ty” in our understanding of present and future climate 
,3&&7KHH[SHULPHQWDO HYDOXDWLRQRI WKH
interaction between weather and these cycles has 
PDGHVLJQL¿FDQWSURJUHVVZLWKWKHGHYHORSPHQWRI
QHZPHWKRGRORJLHVWRPHDVXUHWKHPDVVHJ, water 
vapor, CO2 DQG HQHUJ\ H[FKDQJH HJ, sensible 
heat, solar radiation) at multiple spatial and temporal 
VFDOHV&DQDGHOOHWDO, 2000). This development has 
required a multidisciplinary link between earth and 
atmospheric sciences, functional ecology, biogeo-
chemistry, and mathematics, which has improved 
WKHDSSOLFDWLRQRIPRGHOGDWDIXVLRQ9DUJDVHWDO, 
D7KLVVFLHQWL¿FGHYHORSPHQWNQRZQDVWKH
WKLUG VFLHQWL¿FSDUDGLJP LV FRPSOHPHQWHGE\ WKH
integration of knowledge from computer systems 
science, which is emerging as the fourth paradigm 
LQVFLHQWL¿FUHVHDUFK+H\HWDO, 2009).
327The MexFlux network
During the last decades, several networks for 
monitoring ecosystem processes and attributes 
KDYH EHHQ HVWDEOLVKHG HJ, International Long 
Term Ecological Research Network, [ILTER], and 
Human and Biophysical Dimensions of Tropical 
Dry Forests in the Americas [Tropi-Dry], among 
RWKHUV7KHVHQHWZRUNVKDYHVWDQGDUGL]HGH[SHUL-
mental protocols, which have allowed collecting a 
large amount of information and created regional 
V\QWKHVLVUHSRUWV*UHHQODQGHWDO, 2003). Another 
H[DPSOH LV )/8;1(7²WKH JOREDO QHWZRUN IRU
ÀX[PHDVXUHPHQWVRIZDWHUYDSRU&22, and energy 
LQ WHUUHVWULDOHFRV\VWHPV%DOGRFFKLet al., 2001). 
This network incorporates more than 500 study 
sites around the world, which have been used for 
the analysis of ecosystem primary productivity, 
evapotranspiration, and the response of ecosystems 
WR GLVWXUEDQFHV %DOGRFFKL  )/8;1(7 LV
considered a network of networks that consists 
RI VHYHUDO UHJLRQDO QHWZRUNV HJ$PHUL)OX[ LQ
the United States of America, CarboEurope in Eu-
rope). Despite its broad coverage, FLUXNET sites 
are mainly located in temperate ecosystems, with 
annual temperatures between 5 and 17 ºC, annual 
rainfall between 600 and 1250 mm, and latitudes 
above 30 ºN.
Similarly, in recent years new sites for monitoring 
CO2DQGHQHUJ\ÀX[HVWRWKHDWPRVSKHUHKDYHEHHQ
HVWDEOLVKHG DW YDULRXV XUEDQ ORFDWLRQV LH, Urban 
)OX[1HWZRUN7KHQXPEHURIVLWHVLQWKLVQHWZRUN
is still much lower than those for FLUXNET with 
~30 sites of which only 20 are active and only two 
correspond to sub-tropical cities. Importantly, more 
than 70% of CO2 emissions of anthropogenic origin 
occurs in cities, despite occupying only 2% of the 
WRWDOODQGDUHD/H4XpUpet al., 2009).
The time is ripe for the establishment of a 
0H[LFDQ HGG\ FRYDULDQFH (& QHWZRUN IRU VHY-
eral reasons. First, long-term impact of land use 
change and anthropogenic changes in biogeography 
have fragmented and fundamentally transformed 
0H[LFDQ ODQGVFDSHV7KHVH WUDQVIRUPDWLRQV KDYH
created a highly heterogeneous vegetation cover 
IRUPLQJFRPSOH[ODQGVFDSHPRVDLFVWKDWGLIIHULQ
plant cover, age, plant species, and functional group 
composition over a wide range of spatial scales 
0LWWHUPHLHU DQG*RHWWVFK  6HFRQG DULG
semiarid and tropical ecosystems are underrepre-
VHQWHGLQ)/8;1(7%DOGRFFKL7KLVLVRI
SDUWLFXODUUHOHYDQFHIRU0H[LFREHFDXVHRYHU
of its territory is represented by arid and semiarid 
HFRV\VWHPVORFDWHGEHORZWKH1ODWLWXGH&KDO-
NEE
(a) (b)
Reco
GPP
RAp
RAs
RS
ET
ET = Tr + Ev
Ppt
Ev
Tr
Rh
NEE = GPP + Reco
Reco = RAp + RS
RS = RAs + Rh
Fig. 1. MainYHUWLFDOÀX[HVRIFDUERQDQGZDWHUYDSRULQWHUUHVWULDOHFRV\VWHPVD&DUERQQHWHFRV\VWHP
H[FKDQJH 1((JURVVSULPDU\SURGXFWLRQ *33 HFRV\VWHPUHVSLUDWLRQ 5HFR plant respiration 
5$SVRLOUHVSLUDWLRQ56DXWRWURSKLFVRLOUHVSLUDWLRQ5$VDQGKHWHURWURSKLFVRLOUHVSLUDWLRQ5K
E:DWHUYDSRUÀRZVHYDSRWUDQVSLUDWLRQ(7VRLOHYDSRUDWLRQ(YYHJHWDWLRQWUDQVSLUDWLRQ7U
DQGWKHYHUWLFDOZDWHULQSXWE\SUHFLSLWDWLRQ3SW
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OHQJHUDQG6REHUyQ)XUWKHUPRUH WURSLFDO
HFRV\VWHPVORFDWHGLQ0H[LFRDUHKLJKO\SURGXFWLYH
DQGVXEMHFWWRQDWXUDOGLVWXUEDQFHVHJ, hurricanes) 
WKDWVXEVWDQWLDOO\LQÀXHQFHHFRV\VWHPÀX[HVPDJQL-
WXGHVDQGYDULDQFHV9DUJDV7KLUG0H[LFR
LVH[SHULHQFLQJODUJHKXPDQPLJUDWLRQIURPUXUDO
DUHDVWRXUEDQFHQWHUVZKLFKZLOOLQÀXHQFHWKHORQJ
term dynamics of natural and urban ecosystems. 
7KXVWKHHVWDEOLVKPHQWRIQHZÀX[PHDVXUHPHQW
VLWHVLQ0H[LFRZLOOEURDGHQWKHUHSUHVHQWDWLYHQHVV
RIZRUOGZLGHÀX[QHWZRUNVDQGZLOOLQFUHDVHRXU
knowledge of ecosystem dynamics under seasonal 
warm-dry and warm-wet conditions.
7KHREMHFWLYHRIWKLVZRUNLVWRRXWOLQHDFRQFHS-
tual framework for the establishment of a regional 
QHWZRUNIRUPRQLWRULQJJUHHQKRXVHJDVHVÀX[HVLQ
0H[LFR WKH0H[)OX[QHWZRUN7KHSULQFLSDOJRDO
RIWKLVQHWZRUNLVWRJHQHUDWHVFLHQWL¿FNQRZOHGJH
WR XQGHUVWDQG WKH G\QDPLFV DQG UROH RI0H[LFDQ
HFRV\VWHPVZLWKLQ WKH FRQWH[W RI JOREDO HQYLURQ-
PHQWDOFKDQJH7DEOHV,DQG,,7KLVQHWZRUNZLOO
SURYLGHWKHVFLHQWL¿FEDVLVIRUSXEOLFSROLF\WRUHGXFH
HPLVVLRQV DGDSWDWLRQPLWLJDWLRQ WR HQYLURQPHQWDO
change and early detection of environmental hazards 
HJ ORVVRIKDELWDWELRGLYHUVLW\ H[WUHPHZHDWKHU
events). This manuscript addresses the following 
LVVXHVGHVFULSWLRQRI&22DQGZDWHUYDSRUÀX[HV
IURP WHUUHVWULDO HFRV\VWHPV  WKH(& WHFKQLTXH
IRUPHDVXULQJ WKHVHÀX[HVDQG WKHFRQFHSWXDO
and operational goals at short-, medium- and long-
WHUPVFDOHVIRUSHUPDQHQWRSHUDWLRQRIWKH0H[)OX[
network.
2. 0DLQ &22 DQG ZDWHU YDSRU ÀX[HV LQ WHUUHVWULDO 
HFRV\VWHPV
7KHPDLQFDUERQÀX[HVFRQVLVWHVVHQWLDOO\RIJDLQV
and losses of CO2 LQ HFRV\VWHPV &KDSLQ HW DO, 
)LJ7KHWRWDODPRXQWRIFDUERQLQFRU-
porated into the ecosystem through photosynthesis 
LVNQRZQDVJURVVSULPDU\SURGXFWLRQ*33DQG
it is estimated that the global GPP average is about 
123 PgCyr–1%HHUHWDO, 2010). A proportion of CO2 
7DEOH,0DMRUVFLHQWL¿FTXHVWLRQVWKDW0H[)OX[ZLOODQVZHU
1. :KDWDUHWKHH[FKDQJHPDJQLWXGHVRIZDWHUYDSRUHQHUJ\&22, CH4, N2O in terrestrial, coastal, marine 
DQGXUEDQHFRV\VWHPVRI0H[LFR"
2. :KDWLVWKHVSDWLDODQGWHPSRUDOYDULDELOLW\RIWKHVHÀX[HV"
3. :KDWDUHWKHPHFKDQLVPVWKDWUHJXODWHWKHH[FKDQJHRIJUHHQKRXVHJDVHVDQGHQHUJ\IRUGLIIHUHQWW\SHV
RIHFRV\VWHPV"
4. +RZGRGLVWXUEDQFHVDQGH[WUHPHFOLPDWHHYHQWVHJODQGXVHFKDQJHGURXJKWVKXUULFDQHV¿UHVLQÀXHQFH
WKHH[FKDQJHRIHQHUJ\DQGJUHHQKRXVHJDVHVLQWKHGLIIHUHQW0H[LFDQHFRV\VWHPV"
5. :KDWLVWKHLQÀXHQFHRIELRORJLFDOGLYHUVLW\LQWKHPDJQLWXGHRIÀX[HVDQGVWRUHVRIPDWWHUDQGHQHUJ\"
6. ,VWKHUHDIXQFWLRQDOLQWHUDFWLRQEHWZHHQWKHW\SHRIRUJDQLVPVDQGDELRWLFFRPSRQHQWVRIWKHHFRV\VWHP"
7. What are the recommended mitigation strategies to reduce emissions of greenhouse gases in natural and 
XUEDQHFRV\VWHPV"
7DEOH,,6SHFL¿FREMHFWLYHVIRUWKH0H[)OX[QHWZRUN
1. 7RTXDQWLI\WKHVSDWLDODQGWHPSRUDOYDULDWLRQRIFDUERQVWRUDJHDQGH[FKDQJHRIJUHHQKRXVHJDVHVDQGHQHUJ\LQ
WKHPDLQWHUUHVWULDOFRDVWDOPDULQHDQGXUEDQHFRV\VWHPVRI0H[LFR
2. To understand the mechanisms that regulate the dynamics of greenhouse gases from ecosystems as well as the 
ELRJHRFKHPLFDOF\FOHVRIFDUERQZDWHUDQGQLWURJHQWKURXJKREVHUYDWLRQDODQGPDQLSXODWLYHH[SHULPHQWVDQG
models of ecosystem processes.
3. 7RXQGHUVWDQGWKHPHFKDQLVPVWKDWFRQWUROWKHHQHUJ\SDUWLWLRQLQJLQUHSUHVHQWDWLYHHFRV\VWHPVRI0H[LFRWKURXJK
REVHUYDWLRQVH[SHULPHQWVDQGPRGHOV
4. To build a high quality historical database for site-level analysis, and data-synthesis activities at regional and global 
scales.
5. To support and guide the individual efforts of new researchers interested in establishing new monitoring sites and 
PHWKRGVIRUTXDQWLI\LQJFDUERQVWRFNVDQGÀX[HVRIJUHHQKRXVHJDVHVDQGHQHUJ\
6. To establish standardized protocols for measurements, calibration, data processing, data archiving, and data sharing, 
in order to provide value added products for research and policymaking.
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captured by ecosystems returns to the atmosphere 
YLDHFRV\VWHPUHVSLUDWLRQ5HFR7KHEDODQFHEH-
tween CO2 captured via GPP and loss through Reco 
LVWKHQHWHFRV\VWHPH[FKDQJH1((ZKLFKXOWL-
mately determines if the ecosystem is a net carbon 
VRXUFHRUVLQN)LJ7KH1((UHSUHVHQWVWKHWRWDO
CO2H[FKDQJHGYHUWLFDOO\EHWZHHQODQGVXUIDFHDQG
the atmosphere, and can be directly measured using 
WKHPLFURPHWHRURORJLFDOWHFKQLTXHRI(&$XELQHW
HWDO, 2000; Baldocchi, 2003).
Furthermore, Reco components include the emis-
sion of CO2IURPVRLOV9DUJDVHWDO, 2011a) known 
DVWRWDOVRLOUHVSLUDWLRQ56DQGWRDOHVVHUH[WHQWE\
autotrophic respiration of leaves and stems of plants 
5$S)LJ56UHVXOWVIURPWKHSURGXFWLRQRI&22 
E\KHWHURWURSKLFRUJDQLVPVLH, heterotrophic respira-
WLRQ5KDQGDXWRWURSKLFUHVSLUDWLRQ5$VSURGXFWLRQ
of CO2 by plant roots and organisms directly associated 
ZLWKWKHUKL]RVSKHUH+DQVRQHWDO, 2000). Although 
we can identify the components that contribute for the 
ecosystem carbon balance, methodological uncertain-
WLHVVWLOOH[LVW)RUH[DPSOHWRGDWHWKHUHLVQRWKHRUHW-
ical model to represent the biophysical mechanisms 
that regulate the temporal and spatial variation of RS 
%RQG/DPEHUW\DQG7KRPVRQ9DUJDVHWDO, 
2011a). One complication arises from the uncertainty 
in the estimation of RS as it varies throughout the year 
0DKHFKDHWDO, 2010) due to the heterogeneity of the 
contributions by RAs and Rh under different soil and 
environmental conditions.
(YDSRWUDQVSLUDWLRQ (7 LV WKH VXP RIZDWHU
transferred from the Earth’s surface to the atmosphere 
WKURXJKHYDSRUDWLRQ(YDQGSODQWWUDQVSLUDWLRQ7U
)LJ)LVKHUHWDO, 2011). Evaporation comprises 
the movement of water into the atmosphere from 
soil, plant surfaces and water bodies. The transport 
of water from the surface to the atmosphere through 
evaporation and transpiration constitutes up to 75% 
RIWKHWRWDOHQHUJ\WUDQVIHURQWKHSODQHW-XQJHWDO, 
2010). These processes are closely related to GPP, 
since the opening of stomata during photosynthesis 
is inevitably accompanied by water loss through 
transpiration, while the residence time of water in 
the soil largely controls the rate of decomposition 
RIRUJDQLFPDWWHUDQGFRQVHTXHQWO\56<HSH]DQG
Williams, 2009). Therefore, it is critical to understand 
the coupling between the biophysical processes that 
regulate the magnitude of CO2DQGZDWHUYDSRUÀX[HV
in time and space across ecosystems.
3. (GG\ FRYDULDQFH (& WHFKQLTXH
7KHHQHUJ\DQGPDVVH[FKDQJHEHWZHHQWKHELRVSKHUH
and atmosphere can be studied through different 
methods depending on the characteristics of the 
ecosystem and the spatial and temporal scales 
RI LQWHUHVW &DQDGHOO HW DO, 2000). At the scale 
RI H[SHULPHQWDO SORWV LH, square meters), gas 
H[FKDQJHFKDPEHUVSURYLGHLQIRUPDWLRQRQPLFURELDO
and plant ecophysiological processes that control 
WKH H[FKDQJH RI ZDWHU YDSRU DQG &22 9DUJDV
HW DO, 2011a). However, the spatial sampling is 
OLPLWHGPDNLQJ LW GLI¿FXOW WR H[WUDSRODWH UHVXOWV
to larger spatial scales, and undesirable effects of 
FRQ¿QHPHQWDQGPDQLSXODWLRQPD\DOVREHLQKHUHQW
WR WKHPHWKRGRORJ\ 3XPSDQHQHW DO, 2004). For 
scales between 100 to 1000 m2 ZKLFK DUHPRVW
representative of an ecosystem) micrometeorological 
techniques are a useful approach to monitor 
HFRV\VWHP H[FKDQJH SURFHVVHV RI ZDWHU YDSRU
CO2, other biogenic gases, and aerosols. Among 
micrometeorological techniques, the EC has been 
the most widely used for estimating NEE by direct 
PHDVXUHPHQWRIYHUWLFDOÀX[HVRIPDVVDQGHQHUJ\
DFURVVDKRUL]RQWDOSODQHDERYHWKHFDQRS\$XELQHW
HW DO, 2000; Baldocchi, 2003). This technique is 
LQ VLWX and non-destructive, and can be applied 
to time scales ranging from fractions of an hour 
WR \HDUV LW LV WKHUHIRUH LGHDO WR FDSWXUH WKH ÀX[
dynamics across different weather conditions from 
diurnal cycles to long-term environmental changes 
%DOGRFFKL7KH WHFKQLTXH LVDOVR VXLWDEOH
for understanding the response of ecosystems to 
disturbance, management history and comparative 
studies between ecosystem functional types, or for 
GLIIHUHQW VXFFHVVLRQDO VWDJHV %DOGRFFKL 
+RZHYHU LWV LPSOHPHQWDWLRQ LV FRPSOH[EHFDXVH
WKHVWXG\VLWHVKRXOGEHLQDUHODWLYHO\ÀDWWHUUDLQ
and be homogeneous in terms of vegetation and 
soil. The installation and operation of instruments, 
as well as processing and data analysis require 
special attention for correct results representing the 
HFRV\VWHP3DSDOHHWDO, 2006).
%ULHÀ\WXUEXOHQWH[FKDQJHVRIPRPHQWXPKHDW
water vapor, CO2, and in general any scalar, can be 
PDWKHPDWLFDOO\GH¿QHGDV WKHFRYDULDQFHEHWZHHQ
WKH LQVWDQWDQHRXVGHYLDWLRQV RUÀXFWXDWLRQV RI WKH
VFDODULQTXHVWLRQHJ, temperature, concentration 
of water vapor or CO2 PL[LQJUDWLRDQGYHUWLFDOZLQG
YHORFLW\RYHUDVSHFL¿FWLPHLQWHUYDOHJ, 30 min). 
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)RU H[DPSOH WKH YHUWLFDO WXUEXOHQWÀX[RI&22 is 
GH¿QHGDV WKHFRYDULDQFHEHWZHHQWKHÀXFWXDWLRQV
of vertical wind speed and CO2PDVVGHQVLW\Z¶F¶) 
PXOWLSOLHGE\WKHDYHUDJHDLUGHQVLW\ a%DOGRFFKL
 ,I WKHQHWÀX[ LV SRVLWLYH LH, towards the 
atmosphere) the ecosystem is a net source, but on the 
FRQWUDU\LIWKHÀX[LVQHJDWLYHWKHQWKHHFRV\VWHP
functions as a sink.
7RPRQLWRUÀX[HVRIJUHHQKRXVHJDVHV*+*V
and energy using this technique, the installation of a 
micrometeorology tower with particular equipment 
located at a suitable height is required, to ensure the 
UHSUHVHQWDWLYHQHVVQHHGHGIRUWKHH[FKDQJHVXU-
face in all directions. The height and position of the 
tower in turn depend on the height of the vegetation 
as well as the predominant wind direction and the 
average wind speed. A basic EC system to measure 
ÀX[HVRI&22 consists of a three-dimensional sonic 
anemometer and a CO2 analytical sensor. Fast-re-
sponse CO2 analyzers are based on the principle 
of absorption of infrared radiation by trace gases, 
and often measure CO2 and water vapor at the same 
time. Also an EC system includes basic equipment 
WRPHDVXUH K\GURPHWHRURORJLFDO YDULDEOHV HJ, 
precipitation, temperature, relative humidity, soil 
temperature and moisture), and the surface available 
HQHUJ\LHWKHQHWUDGLDWLRQDQGJURXQGKHDWÀX[
Several publications contain detailed descriptions of 
WKH(&PHWKRGLQWHUUHVWULDOHFRV\VWHPV*RXOGHQet 
DO, 1996; Aubinet HWDO, 2000; Baldocchi, 2003) and 
FLWLHV9HODVFRDQG5RWK
4. 7KH FRQFHSWXDO IUDPHZRUN DQG RSHUDWLRQDO 
0H[)OX[
Current knowledge of the dynamics of carbon and 
ZDWHUÀX[HVLQ0H[LFDQHFRV\VWHPVLVYHU\OLPLWHG
9DUJDVHWDO, 2012a). Among the research published 
in peer-reviewed literature are RS measurements in 
WURSLFDOIRUHVWV'DYLGVRQHWDO, 1993; Vargas and 
Allen, 2008; Vargas, 2012), NEE from subtropical 
DQG VHPLDULG HFRV\VWHPV +DVWLQJV HW DO, 2005; 
Pérez-Ruiz HWDODQGLQXUEDQDUHDVRI0H[LFR
&LW\9HODVFRHWDO, 2005, 2009, 2011), and ET in 
VHPLDULGHFRV\VWHPV:DWWVHWDO, 2007; Vivoni HWDO, 
2008). These measurements of energy, water vapor 
and CO2ÀX[HV LQ0H[LFDQHFRV\VWHPVRULJLQDWHG
from individual efforts, and unfortunately there is a 
lack of a strategic governmental program to ensure 
long-term funds for the establishment and continuity 
of these types of studies.
0H[)OX[ LV WKH QHWZRUNRIÀX[PHDVXUHPHQWV
RI*+*VDQGHQHUJ\ÀX[HVIURPWHUUHVWULDOXUEDQ
7DEOH,,,,QIRUPDWLRQUHOHYDQWWRWKHVWXG\VLWHVLQWKH0H[)OX[QHWZRUN
Site name Location
VWDWH
North
latitude
West
longitude
Elevation
PDVO
Ecosystem
W\SHRIYHJHWDWLRQ
Start of
measurements
La Paz %DMD&DOLIRUQLD6XU 24.13 110.43 170 Arid shrubland 2002
Tesopaco Sonora 27.84 109.3 460 Tropical dry forest 2004
5D\yQ Sonora 29.74 110.53 630 Subtropical shrubland 2004
Mogor %DMD&DOLIRUQLD 32.07 116.62 406 Subtropical shrubland 2008
Chamela Jalisco 19.51 105.04 52 Tropical dry forest 2007
Sierra de los 
Locos Sonora 29.96 110.46 1403 Oak woodland 2008
2MXHORV Jalisco 21.79 101.61 2228 Semiarid grassland 2010
$WRSL[FR Hidalgo 20.62 110.6 2094 0L[HGRDNSLQHIRUHVW 2012
Colorada Sonora 28.7 110.54 398 Arid rangeland 2011
(VFDQGyQ Distrito Federal 19.4 99.18 2240 Urban-residential-
commercial
2011*
.D[LO.LXLF Yucatán 28.08 89.57 114 Tropical dry forest 2011
Todos Santos %DMD&DOLIRUQLD 31.81 116.8 4 Ocean 2008-2009**
masl: meters above sea level.
'XULQJDQGÀX[HVZHUHPHDVXUHGGXULQJLQWHQVLYHVKRUWWHUPVWXGLHV9HODVFRHWDO, 2009; Velasco 
et al., 2011).
7KLVWRZHUPHDVXUHGÀX[HVIURPWKHRFHDQDQGZDVORFDWHGDWWKH7RGRV6DQWRVLVODQGLQIURQWRI(QVHQDGD
%DMD&DOLIRUQLD5HLPHUHWDO in review).
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FRDVWDODQGPDULQHHFRV\VWHPVLQ0H[LFR,WVPDLQ
REMHFWLYHLVWRJHQHUDWHVFLHQWL¿FNQRZOHGJHDERXW
WKH UROH RI WKH G\QDPLFV RI0H[LFDQ HFRV\VWHPV
WR JOREDO HQYLURQPHQWDO FKDQJH 7DEOHV , DQG ,,
0H[LFR FXUUHQWO\ KDV  VWXG\ VLWHV XVLQJ WKH(&
technique and has over 30 site-years of data of water 
vapor and CO2ÀX[HV9DUJDVHWDO, 2012a). A number 
RIVLWHVDUHRIUHFHQWLQVWDOODWLRQLH, established in 
ZKLOHRWKHUVKDYHEHHQRSHUDWLQJEHWZHHQVL[
DQGQLQH\HDUV7DEOH,,,7KHVLWHVZLWKWKHORQJHVW
continuous measurements are located in semiarid 
HFRV\VWHPVRI%DMD&DOLIRUQLD6XU HVWDEOLVKHG LQ
DQG6RQRUDHVWDEOLVKHGLQ:LWKUHJDUG
to distribution, the sites are located at: semiarid shru-
EODQGLQ%DMD&DOLIRUQLDRDNZRRGODQGVXEWURSLFDO
tropical dry forest and grassland in Sonora; tropical 
dry forest in Jalisco and Yucatán; shortgrass steppe 
in Jalisco; a managed pine forest in Hidalgo; and an 
XUEDQ UHVLGHQWLDOFRPPHUFLDO VLWH LQ0H[LFR&LW\
Finally, a site was operated between 2008 and 2009 
RIIWKHFRDVWRI%DMD&DOLIRUQLDPHDVXULQJ1((RYHU
WKHRFHDQ5HLPHUHWDO, in review). 
0H[)OX[EULQJVWRJHWKHUVFLHQWLVWVLQWHUHVWHGLQ
XVLQJWKH(&WHFKQLTXHLQHFRV\VWHPVDFURVV0H[L-
co. Up to two principal investigators represent each 
VWXG\ VLWHZLWKLQ0H[)OX[7KHVH UHVHDUFKHUV DUH
required to verify that the site follows the guidelines 
for measurement standardization to maintain proper 
functioning of the network and allow sites inter-com-
SDULVRQV0H[)OX[PHPEHUV DUHZRUNLQJ WRJHWKHU
towards standardization of data quality and a secure 
GDWDPDQDJHPHQWDQDO\VLVSURWRFRO7KHQHWZRUNLV
intended to grow in coming years, as new sites will 
be established within strategic ecosystems to ensure 
the long-term operation of the network. The new 
sites, in addition to consistency with the assumptions 
for EC technique, should ideally be located at sites 
WKDWUHSUHVHQWWKHYDULDELOLW\RI0H[LFDQHFRV\VWHPV
DQGRUDWHFRV\VWHPVDQGUHJLRQVPRVWYXOQHUDEOHWR
environmental or land use change.
5. :DWHU YDSRU DQG &22 ÀX[HV LQ WHUUHVWULDO HFR-
V\VWHPV RI 0H[LFR
0H[LFDQ HFRV\VWHPVSURYLGH ULFKRSSRUWXQLWLHV WR
validate previous observations across ecosystems. 
6RPHH[DPSOHVRIUHODWLRQVKLSVWKDWFRXOGEHWHVWHG
and validated are those observed between phenology 
and CO2ÀX[HV5LFKDUGVRQHWDO, 2010), control of 
*33RQ56 9DUJDVHW DO, 2011b), or the role of 
GURXJKW DQGZDWHU SXOVHV 7KRPH\ HW DO, 2011). 
:KDWIROORZVDUHH[DPSOHVIURPPHDVXUHPHQWVDW
0H[)OX[VLWHVWRLOOXVWUDWHWKHGLYHUVLW\RISDWWHUQV
and magnitudes of CO2ÀX[HV
)RUH[DPSOHWKH2MXHORVVLWHORFDWHGLQDVHPL-
DULGJUDVVODQG7DEOH,,,LVLGHDOIRULQYHVWLJDWLQJ
the effect of precipitation pulses on NEE during 
the summer that result in higher CO2 emissions. Data 
from this site show that before precipitation events, 
QRFWXUQDO1((YDOXHV 5HFRE\GH¿QLWLRQZHUH
2 μmol CO2 m2 s–1 while after precipitation, pulses 
increased to values > 5 μmol CO2 m2 s–1)LJ7KH
implications of these observations rely on climate 
change scenarios characterized by changes in fre-
quency and intensity of precipitation and pulses. 
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These changes in precipitation patterns can sub-
stantially affect carbon sequestration in semiarid 
rangelands by reducing or increasing water stress 
ZLWKLQWKHHFRV\VWHP7KRPH\HWDO, 2011, Vargas 
HWDO, 2012b).
$QRWKHUH[DPSOHFRPHVIURPVWXG\LQJWKH1RUWK
American Monsoon, which is a regional phenomenon 
that provides most of the annual rainfall over large 
DUHDVRIQRUWKHUQ0H[LFR9LYRQLHWDO, 2010). Data 
from the Tesopaco site, a tropical deciduous forest 
7DEOH,,,VKRZVWKHLQÀXHQFHRIWKHPRQVRRQRYHU
the seasonal trend of the normalized difference veg-
HWDWLRQLQGH[1'9,GHULYHGIURP02',6REVHUYD-
WLRQV1((DQG(7)LJDVDPDUNHGYDULDELOLW\
LQWKHGLUHFWLRQDQGPDJQLWXGHRIÀX[HVDFURVVWKH
growing season. It is estimated that this forest can 
sequester up to 374 g CO2 m-2 during the monsoon 
VHDVRQ3pUH]5XL]HWDO, 2010).
 In urban sites, CO2ÀX[PHDVXUHPHQWVKDYHEHHQ
used to evaluate emission inventories and develop 
PLWLJDWLRQ VWUDWHJLHVZKLOH HQHUJ\ÀX[HV FDQ EH
useful for urbanization planning through a better 
XQGHUVWDQGLQJRIXUEDQFOLPDWRORJ\HJ, urban heat 
LVODQG)RUH[DPSOH)LJXUHFRPSDUHVWKHDYHUDJH
diurnal CO2 ÀX[PHDVXUHG XVLQJ HGG\ FRYDULDQFH
GXULQJD VKRUW VWXG\RYHU WKH(VFDQGyQGLVWULFW LQ
0H[LFR&LW\ZLWKHPLVVLRQSUR¿OHVH[WUDFWHGIURP
WKHORFDOHPLVVLRQVLQYHQWRU\9HODVFRHWDO, 2009, 
2011). It is noteworthy that the CO2 emission sources 
in urban ecosystems can be much more diverse than 
in natural ecosystems and their analysis requires a 
GHWDLOHGLQWHUSUHWDWLRQRIWKHPHDVXUHGÀX[HV)LJ
6. 0H[)OX[ VKRUW- DQG ORQJ-WHUP JRDOV
It is essential to strengthen collaborations among 
research groups for a successful coordination and 
RSHUDWLRQRI0H[)OX[7KHQHWZRUNZLOOXVHDVWUDW-
egy based on the coordination and combination of 
micrometeorological techniques, meteorological, 
remote sensing, biophysical and ecosystems-process 
modeling to obtain the best possible estimates of the 
*+*ÀX[G\QDPLFV,QRUGHUWRVFDOHWKHVHPHDVXUH-
PHQWVLQWLPHDQGVSDFHLWLVHVVHQWLDOWRJHQ-
erate a standardized protocol for inter-calibration of 
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Fig. 3. 'DLO\ YDOXHV VKRZLQJ WKH VHDVRQDO WUHQG D 5DWH QRUPDOL]HG GLIIHUHQFH
YHJHWDWLRQ LQGH[ 1'9, GHULYHG IURP02',6 REVHUYDWLRQV DQG QHW HFRV\VWHP
H[FKDQJH1((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E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(7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ORZODQGGHFLGXRXVLQQRUWKZHVWHUQ0H[LFRGXULQJWKHPRQVRRQVHDVRQRI 20063pUH]
Ruiz HWDO, 2010).
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measuring instruments and measurement methods; 
DQGGHYHORSTXDOLW\DVVXUDQFHDQGFRQWURO4$
4&SURFHGXUHVRIUDZGDWDDQGSRVWSURFHVVLQJRI
FRPSXWHGÀX[HV LH JDS¿OOLQJ VHULHV SDUWLWLRQ
1((LQWR*33DQG567KLV4$4&PXVWFRPSO\
ZLWKLQWHUQDWLRQDOVWDQGDUGV3DSDOHHWDO, 2006) to 
generate useful and consistent datasets for regional 
and global synthesis studies.
7RIDFLOLWDWHV\QWKHVLVVWXGLHVDQGPD[LPL]HGDWD
use, the data storage and standardized post-process-
LQJFRXOGEHSURYLGHGE\H[LVWLQJF\EHULQIUDVWUXF-
WXUHLQGLIIHUHQWLQVWLWXWLRQVRI0H[)OX[PHPEHUV
HJ, University of Alberta, Canada with its En-
YLUR1HW SODWIRUP ,QLWLDOO\ D VSHFL¿F0H[)OX[
database will contain the products of site-level mea-
VXUHPHQWVLH, raw data) along with the processed 
data obtained following standardized protocols 
3DSDOHHWDO0H[)OX[KDVDGRSWHGDSROLF\
of submitting information from each study site to 
this database within a period of one year from its 
incorporation to the network. Only principal inves-
tigators will submit raw and processed data, and 
these will be freely available to the network mem-
EHUVXQGHUDIDLUXVHSROLF\)LQDOO\0H[)OX[ZLOO
promote training of human resources in the area of 
micrometeorological and biophysical measurements 
RIHQHUJ\DQG*+*ÀX[HV
7KHVKRUWWHUPFKDOOHQJHVIDFLQJ0H[)OX[DUH
developing protocols and standardization among sites 
IRUUHGXFLQJXQFHUWDLQWLHVLQWKHÀX[PHDVXUHPHQWV
HVWDEOLVKLQJUXOHVIRUDUFKLYLQJDQGSURFHVVLQJ
GDWDZLWKLQWKH0H[)OX[GDWDEDVHHVWDEOLVKLQJ
clear and fair use data policies for all members ac-
FRUGLQJWRWKHIXQGLQJVRXUFHIRUHDFKSURMHFWLH, 
GRPHVWLFDJHQFLHVDQGLQWHUQDWLRQDOIXQGLQJDQG
the study sites must invest in measuring a common set 
of biological and physical parameters to describe the 
HFRV\VWHPHJ, vegetation structure, phenology, soil 
properties, management history) to better interpret 
REVHUYHGÀX[HV/DZHWDO, 2008).
,QWKHORQJWHUP0H[)OX[QHHGVDFRQWLQXRXVLQ-
teraction with institutions and networks at the national 
and international levels. Important collaborations 
have been identified with the scientific networks 
VSRQVRUHGE\WKH&RQVHMR1DFLRQDOGH&LHQFLD\7HF-
QRORJtD&RQDF\WVXFKDVWKH5HG7HPiWLFDGHO$JXD
5(7$&ZDWHUUHVHDUFKQHWZRUN5HG7HPiWLFDGH
(FRVLVWHPDV(FR5HGHFRV\VWHPVUHVHDUFKQHWZRUN
and Red Temática de Medio Ambiente y Sustentabil-
LGDG5(0$6HQYLURQPHQWDOVXVWDLQDELOLW\UHVHDUFK
network). Additionally, there is a strong link with the 
3URJUDPD0H[LFDQRGHO&DUERQR 30&0H[LFDQ
FDUERQSURJUDPWKH5HG0H[LFDQDGH,QYHVWLJDFLyQ
(FROyJLFDD/DUJR3OD]R0H[/7(50H[LFDQORQJ
Fig. 4. Diurnal variations of CO2 emissions by source type 
LQ(VFDQGyQGLVWULFW0H[LFR&LW\HPLVVLRQVLQYHQWRU\WDNHQ
from the Secretaría del Medio Ambiente del Gobierno del 
'LVWULWR )HGHUDO 60$*')2008). The contribution by 
human breath was calculated as the product of the per capita 
ratio of respiration, the average concentration of CO2 in 
H[KDOHGDLUDQGSRSXODWLRQGHQVLW\7KHEODFNOLQHUHSUHVHQWV
WKHDYHUDJHÀX[PHDVXUHGE\HGG\FRYDULDQFHDQGWKHGRWWHG
lines indicate ± 1 VWDQGDUGGHYLDWLRQRI WKHPHDVXUHGÀX[
9HODVFRHWDO, 2009).
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term ecological research network), and international 
networks such as the North American Carbon Program 
&DUER1$DQG7URSL'U\0H[)OX[LVH[SHFWHGWR
KDYHDIXQGDPHQWDOUROHZLWKLQ)/8;1(7VLQFH0H[-
ican ecosystems are underrepresented and this limits 
the production of synthesis studies across regions, 
ZKLFKDUHLPSRUWDQWIRUVFLHQWL¿FXQGHUVWDQGLQJDQG
SROLF\PDNLQJDFURVV1RUWK$PHULFD+DUPRQHWDO, 
2011; Masek HWDO, 2011; Vargas HWDO, 2012a).
We also suggest that long-term measurements 
ZLWKLQ0H[)OX[ VKRXOG LQFRUSRUDWH RWKHU*+*V
pollutants, aerosols and stable isotopes as technology 
EHFRPHVPRUHDFFHVVLEOHDQGPRUHVFLHQWLVWVMRLQWKH
network. This new information could be integrated 
into models of ecosystem processes to update and 
validate previous observations and parameters. 
0H[)OX[¶VORQJWHUPFKDOOHQJHLVWRVHHNWKHLQWH-
JUDWLRQRIUHVHDUFKHUVLQ¿HOGVRIFOLPDWHPRGHOLQJ
mathematics, biogeochemistry, and social science 
related to policy making. Finally, we believe that 
it is essential to develop multi-institutional training 
DQG¿QDQFLQJPHFKDQLVPVIRUWKHPDLQWHQDQFHDQG
operation of the study sites and secure the continuity 
RI0H[)OX[7KLVZLOORQO\EHDFKLHYHGLIWKHUHLV
political will and evidence of the usefulness of value 
added products from the network for policy-making 
DQGVFLHQWL¿FDGYDQFHPHQW
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